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Introduction 
 
 
The prognosis for patients with metastatic breast cancer remains poor.  Standard radio- 
and chemotherapies are effective against the majority of cells within solid tumors, but 
have little impact on the cancer stem cells (CSC) that perpetuate tumor growth.  Thus, 
such treatments selectively spare the very cell populations that give rise to recurrent 
tumors.  CSC share many features with cells that are undergoing the epithelial to 
mesenchymal transition (EMT), a process that alters cellular phenotypic and functional 
characteristics, and facilitates metastatic dissemination. Finding a way to specifically 
eradicate CSC and EMT cells should therefore reduce metastatic tumor spread and 
diminish the ability of tumors to self-perpetuate.  Because T lymphocytes can recognize 
subtle alterations in cell surface proteins, traffic systemically, and give rise to long-lived 
immunologic memory, triggering T cell recognition of CSC and EMT cells would 
accomplish this goal.  Our objective for this project was to achieve T cell-mediated 
protection against metastatic breast cancer in mice by using a novel vaccination strategy 
to boost T cell recognition of CSC and EMT antigens.  The vaccine approach was to 
consist of biodegradable, synthetic PLGA microspheres that are coated with CSC and 
EMT lysates.  Vaccination with antigen-coated PLGA microspheres has been shown to 
induce superior levels of immunity in other model systems, versus vaccination with 
antigen in soluble form.  We hypothesized that vaccination of tumor-bearing mice with 
CSC and EMT lysate coated-PLGA microspheres would lead to a robust, long-lived T 
cell response that would provide systemic protection against metastatic breast cancer. 
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'8'*6%&!'6&*8,6%!.4,%,6&,1!*6!&+,!0-6&,:&!-3!&+,%,!1'68,4!%*86')%9!!`-(2%&!*//26,!
4,%.-6%,%!'4,!.4-120,1!*6!4,%.-6%,!&-!a.4*/,@(--%&b!5'00*6'&*-6!%&4'&,8*,%?!'61!
4'.*1!*6120&*-6!-3!,33,0&-4!'61!/,/-47!>!0,))!4,%.-6%,%!2%*68!^P;L!/*04-.'4&*0),%!
+'1!(,,6!%+-A6!A*&+!'6!'00,),4'&,1!.4*/,@(--%&!4,8*/,6!A+,4,!&+,!(--%&!A'%!
8*5,6!W!1'7%!'3&,4!.4*/*68!D9!!O,!&+,4,3-4,!1,0*1,1!&-!'1-.&!&+*%!%&4'&,87!3-4!&,%&*68!
*6!-24!&A-!'..4-'0+,%9!!N-4!&+,%,!,:.,4*/,6&%?!(2)M!&2/-4!)7%'&,%!A,4,!,*&+,4!
'1%-4(,1!-6&-!&+,!%243'0,!-3!0-//,40*'))7!'5'*)'(),!^+-%.+-4,:!^P;L!
/*04-.'4&*0),%?!-4!A,4,!,60'.%2)'&,1!*6&-!02%&-/C3'(4*0'&,1!^P;L!/*04-.'4&*0),%!'&!
>+,!c6*5,4%*&7!-3!K-A'!*6!&+,!)'(-4'&-47!-3!S49!L)*'%8,4!H'),/9!!$:.,4*/,6&%!2%*68!
'1%-4(,1!&2/-4!)7%'&,%!A,4,!),%%!%200,%%32)!&+'6!&+-%,!2%*68!02%&-/!^P;L!
.'4&*0),%?!%-!-6)7!4,%2)&%!2%*68!&+,!)'&&,4!'4,!%+-A69!
!
!
Q'00*6'&*-6!%&4'&,8*,%<!
!

"9 B/75)'!(2)M!=>"!)7%'&,%!B[!:!"E=!0,))!,Z2*5'),6&%@/-2%,?!'..4-:*/'&,)7!
TE28!.4-&,*6F!,60'.%2)'&,1!*6&-!^P;L!/*04-.%+,4,%?!8*5,6!%0!-6!1'7!W!

! E..#,'!!34,,!=>"!)7%'&,%!BTE28@/-2%,F!.)2%!"!:!"E[!^Nc!-3!L1;ICGHN!!
!
!

#9 B/75)'!!(2)M!=>"!)7%'&,%!B[!:!"E=!0,))!,Z2*5'),6&%@/-2%,?!'..4-:*/'&,)7!
TE28!.4-&,*6F!,60'.%2)'&,1!*6&-!^P;L!/*04-.%+,4,%?!8*5,6!%0!-6!1'7!W!

! E..#,'!!34,,!=>"!)7%'&,%!BTE28@/-2%,F!.)2%!'!>P`!0-0M&'*)!!
! ! ! ILP^#!d!E9#!28@/-2%,!B>P`%!#!'61!DF!
! ! ! ^-)7KeG!d!TE28@/-2%,!B>P`!JF!
! ! ! G.;!"[#D@"T[T!d!=28@/-2%,!B>P`!fF!
!
O,!&,%&,1!5'4*-2%!.,4/2&'&*-6%!-3!&+,%,!&A-!%&4'&,8*,%!&+'&!*60)21,1!.4*/*68!-6!
1*33,4,6&!1'7%!.-%&C&2/-4!0+')),68,?!')&,4*68!&+,!4-2&,!(7!A+*0+!&+,!.4*/,!'61!
(--%&!*6Y,0&*-6%!A,4,!1,)*5,4,1?!'61!')&,4*68!&+,!)-0'&*-6!-3!&+,%,!*6Y,0&*-6%!B6-&!
%+-A6F9!!O,!')%-!,:'/*6,1!A+,&+,4!%A*&0+*68!&+,!-41,4!-3!.4*/,!'61!(--%&!
%&4'&,8*,%!A'%!/-4,!,33,0&*5,9!!S24*68!&+,!0-24%,!-3!&+,%,!%&21*,%?!A,!3-261!&+'&!
.,4*C&2/-4')!*6Y,0&*-6!-3!.4*/,!'61!(--%&!5'00*6'&*-6%!A'%!6-&!,33,0&*5,!*6!%)-A*68!



! [!

.4*/'47!&2/-4!84-A&+!A*&+!,*&+,4!'..4-'0+!BN*824,![F!'61!&+'&!%A*&0+*68!&+,!-41,4!
-3!.4*/,!'61!(--%&!4,8*/,6%!34-/!&+'&!%&'&,1!'(-5,!A'%!')%-!*6,33,0&*5,!BN*824,!fF9!
!

!
!

! !
!
O,!A,4,!'(),!&-!%200,%%32))7!%)-A!.4*/'47!&2/-4!84-A&+!2%*68!'!%&4'&,87!*6!A+*0+!
&+,!.4*/,@(--%&!%&4'&,87!)*%&,1!'(-5,!A'%!'1/*6*%&,4,1!%0!-6!&+,!3)'6M!-..-%*&,!&+,!
84-A*68!/'//'47!&2/-49!!O,!(,)*,5,!&+'&!&+,!4,'%-6!3-4!&+*%!A'%!*604,'%,1!>!0,))!
.4*/*68!*6!&+,!'(%,60,!-3!*//26-%2..4,%%*5,!0,))%!'61!07&-M*6,%!&+'&!'4,!M6-A6!&-!
(,!.4,%,6&!*6!(-&+!&+,!&2/-4!*&%,)3!'61!&+,!&2/-4C14'*6*68!)7/.+!6-1,9!!L%!,33,0&-4!
>!0,))%!&4'33*0!%7%&,/*0'))7!-60,!&+,7!,:*&!&+,!)7/.+!6-1,!*6!A+*0+!&+,7!'4,!.4*/,1?!
A,!4,'%-6,1!&+'&!.4*/*68!*6!&+,!'(%,60,!-3!&2/-4C1,4*5,1!%2..4,%%*-6!/*8+&!
.4-120,!'!/-4,!4-(2%&!*//26,!4,%.-6%,?!'61!&+*%!'..,'4%!&-!(,!&+,!0'%,9!!K6!
'11*&*-6!&-!%)-A*68!.4*/'47!&2/-4!-2&84-A&+?!&+*%!%&4'&,87!4,%2)&,1!*6!&+,!')/-%&!
0-/.),&,!0),'4'60,!-3!/,&'%&'&*0!&2/-4!-2&84-A&+!*6!&+,!)268%!-3!&2/-4C(,'4*68!
/*0,!BN*824,!"EF9!!!



! f!

!
!
!
!"#$#%&$#'()*+"&,-"(&,$(./.+.)*(0+$)+#-1(&%(,0./-(0&$+#2(343(./()(5678(
9)::./)+.&/(;$&+&:&*(2.2(/&+(1.#*2(;&0.+.9#($#0,*+0'(<#(0,::##2#2(./(2#9#*&;./-()(
9)::./)+.&/(;$&+&:&*(,0./-(=,*>(?)??)$1(+,?&$(*10)+#0(#/:);0,*)+#2(./+&(
5678(?.:$&;)$+.:*#0'(%&**&<#2(=1(0.?,*+)/#&,0(*.-)+.&/(&%(?,*+.;*#(!6@0(2,$./-(
+"#(=&&0+'(+")+(<)0(".-"*1(#%%#:+.9#(./(#*.?./)+./-(?#+)0+)+.:(+,?&$(&,+-$&<+"(
./(+"#(*,/-0A(
(
F*,*/)%#,*97)#'%
%
O,!A*))!0-6&*62,!&+*%!'5,62,!-3!*65,%&*8'&*-6?!(7!,5')2'&*68!&+,!,33*0'07!-3!&+*%!
'..4-'0+!A+,6!0-/(*6,1!A*&+!%248*0')!,:0*%*-6!-3!.4*/'47!/'//'47!&2/-4%9!!>+*%!
%0,6'4*-!A-2)1!.4-5*1,!'!0)*6*0'))7!4,),5'6&!'..)*0'&*-6!-3!-24!'..4-'0+!'61!0-2)1!
),'1!&-!32&24,!0)*6*0')!'..)*0'&*-6!-3!&+*%!%&4'&,87!'%!^P;L!/*04-.'4&*0),%!'61!>P`!
'8-6*%&%!'4,!')4,'17!(,*68!*65,%&*8'&,1!*6!0)*6*0')!&4*')%!3-4!0'60,4!'61!-&+,4!
1*%,'%,%9!
!
!
%
!"#$%G'%%H="+*",)%,;)%!%4)++%/)#6.8#)#%78%574)%I7,;%5),"#,",74%@!&%5"55"/A%
4"/478.5"J%-.++.I78>%="4478",7.8%I7,;%KLK%"89%H1!%4)++M+A#",)%6*+#)9%
574/.3)"9#0%
!
$:.,4*/,6&')!;4-2.%<!!!
! ! "9!!=>"!&2/-4!0+')),68,?!6-!4,%,0&*-6@!6-!5'00*6'&*-6!
! ! #9!!=>"!&2/-4!0+')),68,?!A*&+!4,%,0&*-6!'61!5'00*6'&*-6!
! ! J9!!=>"!&2/-4!0+')),68,?!A*&+!4,%,0&*-6!'61!5'00*6'&*-6!B,/.&7!(,'1%F!



! "E!

! ! =9!!=>"!&2/-4!0+')),68,?!A*&+!4,%,0&*-6@!6-!5'00*6'&*-6!
! ! T9!!=>"!&2/-4!0+')),68,?!%+'/!4,%,0&*-6!'61!5'00*6'&*-6!
! ! D9!!=>"!&2/-4!0+')),68,?!%+'/!4,%,0&*-6@!6-!5'00*6'&*-6!
!
#'9!!G+'4'0&,4*R,!&+,!>!0,))!.+,6-&7.,?!07&-M*6,!.4-120&*-6?!'61!N-:.J!,:.4,%%*-6!'&!
1'7%!#=CJE!.-%&C&2/-4!0+')),68,!B/-6&+%!TCW?!$:.,4*/,6&')!84-2.%!"C=!-6)7?!"#E!
/*0,F!
#(9!!G+'4'0&,4*R,!&+,!*6!5*5-!07&-)7&*0!'0&*5*&7!-3!>!0,))%!B/-6&+%!TCW?!;4-2.%!"C=!
-6)7?![E!/*0,F!
#09!!^,43-4/!*6!5*5-!1,.),&*-6%!-3!>!0,))%!&-!1,&,4/*6,!,33,0&%!-6!/,&'%&'&*0!&2/-4!
-2&84-A&+!B/-6&+%!TC[?!;4-2.%!"C=!-6)7?![E!/*0,F!
!
!"#$%&'()*+,),'-./'0*1-'()20%&)#3.()43*(')%2)#3')40%5'$#6))c61,4%&'61*68!-3!+-A!&+,!
.4-.-%,1!5'00*6'&*-6!%&4'&,87!*/.'0&%!&+,!.+,6-&7.,!'61!3260&*-6!-3!&2/-4*0*1')!
,33,0&-4!>!0,))%!*6!5*5-9!
!
<*)%,.%97--74*+,7)#%78%9)=)+.678>%"8%)--74"47.*#%="4478",7.8%6/.,.4.+J%8.%
6/.>/)##%I"#%5"9)%.8%,;7#%!"#$0%
!
!"#$%N'%%H="+*",)%,;)%)--74"4A%"89%#"-),A%.-%,;)%="4478",7.8%#,/",)>A%78%574)0%
$:.,4*/,6&')!;4-2.%<!!%'/,!'%!*6!>'%M!#9!
!
J'9!!g2'6&*&'&,!&+,!62/(,4%!-3!)268?!)*5,4?!'61!)7/.+!6-1,!/,&'%&'%,%!2%*68!02)&24,!
-3!+-/-8,6*R,1!-48'6%!*6!DC&+*-82'6*6,!B/-6&+%![C"E?!$:.,4*/,6&')!;4-2.%!"CD?!
"#E!/*0,F!
J(9!!g2'6&*&'&,!&+,!4,)'&*5,!&2/-4!-2&84-A&+!*6!/*0,!2%*68!(*-)2/*6,%0,6&!*/'8*68!
-3!)*5,!'6*/')%!B/-6&+%![Cf?!$:.,4*/,6&')!;4-2.%!"CD?!fE!/*0,F!
J09!!S,&,4/*6,!,33,0&%!-3!&+,!5'00*6'&*-6!%&4'&,87!-6!GHG!'61!$I>!0,))!.,40,6&'8,%!
'61!.+,6-&7.,%!B/-6&+%![C""?!$:.,4*/,6&')!;4-2.%!"CD?!"#E!/*0,F!
J19!!S,&,4/*6,!&+,!,:&,6&!&-!A+*0+!%7%&,/*0!>!0,))!4,%.-6%,%!.4-&,0&!/*0,!34-/!4,C
0+')),68,!A*&+!=>"!&2/-4!0,))%!*6!&+,!0-6&4')'&,4')!/'//'47!8)'61!B/-6&+%!""C"#?!
1-6,!*6!0-6Y260&*-6!A*&+!J(?!6-!'11*&*-6')!/*0,!4,Z2*4,1F!
J,9!!S,&,4/*6,!*3!'2&-*//26*&7!1,5,)-.%!*6!5'00*6'&,1!/*0,!B/-6&+%![C"#?!1-6,!*6!
0-6Y260&*-6!A*&+!J0!'61!J1?!6-!'11*&*-6')!/*0,!4,Z2*4,1F!
!
!"#$%&'()*+,),'-./'0*1-'()20%&)#3.()43*(')%2)#3')40%5'$#6))L!1,&,4/*6'&*-6!-3!&+,!
%'3,&7!'61!,33*0'07!-3!&+*%!5'00*6'&*-6!%&4'&,87!*6!/*0,9!
!
<*)%,.%97--74*+,7)#%78%9)=)+.678>%"8%)--74"47.*#%="4478",7.8%6/.,.4.+J%8.%
6/.>/)##%I"#%5"9)%.8%,;7#%!"#$0%%O.I)=)/J%8.%*89)#7/"3+)%#79)%)--)4,#%I)/)%
.3#)/=)9%78%574)%,/)",)9%I7,;%,;)%@!&3*+$%+A#",)PBCD:%6/75)%-.++.I)9%I7,;%"%
-/))%@!&%+A#",)P%!C(QN%3..#,0%
%
%
%
%



! ""!

R)A%()#)"/4;%:44.56+7#;5)8,#'%
%

"9 O,!1,5,)-.,1!'!6-5,)!5'00*6'&*-6!%&4'&,87!3-4!/,&'%&'&*0!(4,'%&!0'60,4!&+'&!
*65-)5,1!.4*/*68!&2/-4C(,'4*68!/*0,!A*&+!(2)M!&2/-4!0,))!)7%'&,%!
,60'.%2)'&,1!*6&-!^P;L!/*04-%.+,4,%!-6!1'7!W?!3-))-A,1!(7!'!(--%&!-6!1'7!
"=!0-6%*%&*68!-3!34,,!=>"!)7%'&,%!*6!0-/(*6'&*-6!A*&+!'!0-0M&'*)!-3!J!>P`!
'8-6*%&%9!!>+*%!%&4'&,87!A'%!3-261!&-!1,)'7!&+,!84-A&+!-3!.4*/'47!(4,'%&!
0'60,4%!*6!/*0,?!'61!&-!')/-%&!0-/.),&,)7!,)*/*6'&,!&+,!3-4/'&*-6!-3!
/,&'%&'&*0!&2/-4!-2&84-A&+!*6!&+,!)268%!-3!/*0,9!

#9 O,!1,&,4/*6,1!&+'&!&2/-4!)7%'&,!,60'.%2)'&*-6!*6&-!02%&-/!^P;L!
/*04-.'4&*0),%!*%!/-4,!,33,0&*5,!'%!'!5'00*6,!0-/.-6,6&!&+'6!&+,!%'/,!&2/-4!
)7%'&,%!'1%-4(,1!&-!&+,!%243'0,!-3!0-//,40*'))7!'5'*)'(),!^P;L!
/*04-.'4&*0),%9!

J9 O,!1,&,4/*6,1!&+'&!*&!*%!6-&!3,'%*(),!&-!*%-)'&,!)'48,!,6-28+!62/(,4%!-3!GHG!
34-/!/24*6,!&2/-4%!&-!&,%&!&+,*4!,33*0'07!*6!'!5'00*6'&*-6!.4-&-0-)9!

!
()6./,"3+)%S*,4.5)#'%
%

&0 :3#,/"4,#'!!BC097268 “Immune-mediated eradication of cancer stem cells via 
poly(D,L-lactic acid co-glycolic acid)  microsphere-based vaccination”  2011 Era 
of Hope Conference, Orlando, FL.  Authors: Tamara Kucaba, Vijaya Joshi, 
Aliasger Salem, Thomas Griffith, and Lyse Norian 

G0 B/)#)8,",7.8#'   Department of Pharmaceutics, The Unversity of Iowa, May 
2011.  Host:  Aliasger Salem, Ph.D. 

N0 Research Opportunities Applied For:  Holden Comprehensive Cancer Center 
Breast Cancer Research Interest Group.  “A novel immunotherapeutic vaccine for 
metastatic breast cancer based upon PLGA nanoparticle delivery of tumor 
lysates” November, 2011 application deadline, In preparation. 

 
Conclusion: 
!
>+,!2%,!-3!^P;L!/*04-.'4&*0),%!0'6!.4-5*1,!'6!,33,0&*5,!A'7!&-!(4,'M!*//26,!
&-),4'60,!&-!&2/-4C1,4*5,1!'6&*8,6%9!!S,)*5,47!-3!&2/-4!)7%'&,%!,60'.%2)'&,1!*6!
^P;L!)7%'&,%?!3-))-A,1!(7!'!4'.*1!(--%&!0-6&'*6*68!'!0-0M&'*)!-3!&+4,,!>P`!'8-6*%&%!
0'6!.4-5*1,!4-(2%&!.4-&,0&*-6!'8'*6%&!/,&'%&'&*0!)268!0'60,4!*6!'!.4,C0)*6*0')!
/24*6,!/-1,)!-3!/,&'%&'&*0!(4,'%&!0'60,4!*6!/*0,9!
!
>+,!2%,!-3!GHG!)7%'&,%!'%!'6!*//26-8,6*0!5'00*6,!0-/.-6,6&!%+-2)1!_X>!(,!
'&&,/.&,1!5*'!%-4&C.24*3*0'&*-6!-3!GHG!34-/!84-A*68!/'//'47!&2/-4%9!!K&!/'7!(,!
.-%%*(),!&-!1,5,)-.!'!1*33,4,6&*'&*-6!%&4'&,87!3-4!(4,'%&!0'60,4!GHG!*6!5*&4-?!(2&!A,!
A,4,!26'(),!&-!3*61!%20+!'!/,&+-19!!>+2%?!12,!&-!-24!*6'(*)*&7!&-!-(&'*6!%233*0*,6&!
62/(,4%!-3!GHG?!A,!A,4,!26'(),!&-!1,&,4/*6,!A+,&+,4!5'00*6'&*-6!A*&+!.24*3*,1!
GHG!)7%'&,%!A-2)1!.4-5*1,!,6+'60,1!.4-&,0&*-6!4,)'&*5,!&-!&+,!(2)M!&2/-4!)7%'&,@!
^P;L!1,)*5,47!%&4'&,87!A,!1,5,)-.,1!124*68!&+,!0-24%,!-3!&+*%!7,'49!
!



! "#!

L11*&*-6')!%&21*,%!-6!&+,!(2)M!&2/-4!)7%'&,h^P;L!5'00*6'&*-6!%&4'&,87!A*))!(,!
4,Z2*4,1!&-!1&,4/*6,!&+,!%'3,&7!-3!&+*%!.4-&-0-)?!'%!A,))!'%!&-!1,&,4/*6,!&+,!
/'86*&21,!'61!124'&*-6!-3!'67!'6&*C&2/-4!>!0,))!4,%.-6%,%!8,6,4'&,1!(7!&+*%!
'..4-'0+9!!>-!+'5,!0)*6*0')!&4'6%)'&'(*)*&7?!A,!A*))!+'5,!&-!%+-A!&+'&!'!.4-&,0&*5,!>!
0,))!4,%.-6%,!*%!8,6,4'&,1!*6!/*0,!&+'&!4,0,*5,!&+*%!5'00*6'&*-6!'3&,4!4,%,0&*-6!-3!
.4*/'47!&2/-4%?!'61!&+'&!&+,!5'00*6'&*-6!4,%2)&%!*6!)-68C&,4/!.4-&,0&*-6!34-/!
&2/-4!4,C0+')),68,9!!L%!(-&+!^P;L!/*04-.'4&*0),%!'61!>P`!'8-6*%&%!'4,!(,*68!2%,1!
*6!0)*6*0')!&4*')%!'%!%*68),!'8,6&%?!A,!.4,1*0&!&+'&!&+*%!%&4'&,87!%+-2)1!.4-5,!&-!(,!%'3,!
'61!A,))C&-),4'&,1!*6!.'&*,6&%?!/'M*68!*&!'!3,'%*(),!32&24,!&+,4'.,2&*0!'..4-'0+!3-4!
A-/,6!A*&+!/,&'%&'&*0!(4,'%&!0'60,49!!X24!*6*&*')!4,%2)&%!*61*0'&,!&+'&!&+*%!'..4-'0+!
A'44'6&%!324&+,4!*65,%&*8'&*-69!
!



! "J!

()-)/)84)#%
!
!
"9! _-4*'6?!P9L97)'#)*-8!>2/-4C*63*)&4'&*68!4,82)'&-47!1,614*&*0!0,))%!*6+*(*&!GS[U!>!

0,))!3260&*-6!5*'!PC'48*6*6,!/,&'(-)*%/9!9*+$'0):'(!TU?!JE[DCJEf=!B#EEfF9!
#9! ;24268?!^9?!i20'('?!>9L9?!N,482%-6?!>9L9!j!;4*33*&+?!>9H9!L0&*5'&*-6C*6120,1!

GS"T=!,:.4,%%*-6!'(4-8'&,%!&-),4'60,!*6120,1!(7!'.-.&-&*0!0,))%9!;)<&&"+%-!
&VN?!D""=CD"#J!B#EEfF9!

J9! i-&,4'?!k9?!H+*/*R2?!i9!j!I2),?!l9l9!G-/.'4'&*5,!'6')7%*%!-3!6,04-&*0!'61!
'.-.&-&*0!&2/-4!0,))%!'%!'!%-240,!-3!'6&*8,6B%F!*6!1,614*&*0!0,))C('%,1!
*//26*R'&*-69!9*+$'0):'(!T&?!["ETC["Ef!B#EE"F9!
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BC097268 “Immune-mediated eradication of cancer stem cells via poly(D,L-lactic acid 
co-glycolic acid)  microsphere-based vaccination” 
 
Tamara Kucaba, Vijaya Joshi, Aliasger Salem,Thomas Griffith, and Lyse Norian 
 
The prognosis for patients with metastatic breast cancer remains poor.  Standard radio- 
and chemotherapies are effective against the majority of cells within solid tumors, but 
have little impact on the cancer stem cells (CSC) that perpetuate tumor growth.  Thus, 
such treatments selectively spare the very cell populations that give rise to recurrent 
tumors.  CSC share many features with cells that are undergoing the epithelial to 
mesenchymal transition (EMT), a process that alters cellular phenotypic and functional 
characteristics, and facilitates metastatic dissemination. Finding a way to specifically 
eradicate CSC and EMT cells should therefore reduce metastatic tumor spread and 
diminish the ability of tumors to self-perpetuate.  Because T lymphocytes can recognize 
subtle alterations in cell surface proteins, traffic systemically, and give rise to long-lived 
immunologic memory, triggering T cell recognition of CSC and EMT cells would 
accomplish this goal.    

Hypothesis:  Following resection of primary mammary tumors, vaccination with CSC 
and EMT cell lysates coated onto poly(D,L-lactic acid co-glycolic acid) (PLGA)  
microbeads will activate circulating T lymphocytes to specifically recognize and 
eradicate these cells, leading to systemic protection from metastatic breast cancer. 

Objectives:  Develop a novel vaccine strategy to achieve immune-mediated protection 
against metastatic breast cancer based upon targeted elimination of CSC and EMT cells.   

Methods:  4T1 is a mammary carcinoma cell line that spontaneously metastasizes 
following transplantation into murine mammary glands.  We are using both parental 4T1 
cells and a 4T1-luciferase derivative that stably expresses firefly luciferase and permits in 
vivo quantitation of tumor growth via bioluminescent imaging.  CSC/ EMT cells are 
defined as CD45neg/ CD44+/ CD24neg and can be sort-purified from primary 4T1 tumors 
by using this profile.  CSC/EMT lysates are then encapsulated within PLGA 
microspheres, which leads to enhanced immunogenicity of the CSC/EMT-derived 
antigens, and used to immunize mice with established 4T1 tumors.  We then monitored 
metastatic tumor outgrowth and T cell activation, to determine if CSC/EMT 
immunization could induce protective antitumor immunity and reduce metastatic tumor 
outgrowth. 
 Preliminary results:  We have successfully identified CD45neg/ CD44+/ CD24neg 
CSC/EMT in 4T1 primary tumors, metastatic lungs, and livers.  The number of 
CSC/EMT increases over time in all three sites.  Following resection of primary 4T1 
tumors, CSC/EMT can be isolated and used to immunize mice.  In the absence of 
immunization, the endogenous immune response is insufficient to control metastatic 
tumor outgrowth.  Our evaluations of protective antitumor immunity and T cell responses 
to metastatic tumor growth are ongoing. 
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Significance:  This is a novel approach for generating systemic protection against 
metastatic breast cancer, a disease that is currently incurable.  If proven to be safe and 
efficacious in mice, this vaccination strategy could be rapidly and easily translated into 
clinical application as an adjunct therapy for breast cancer patients. 
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